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Summary Introduction: Adjuvant antibiotic therapy for acute abdominal conditions
is widely used. Its timing, duration, dose and spectrum, however, are not homoge-
neous amongst surgeons and prolonged courses are often used despite the unproven
beneﬁts of this practice.
Objective: To evaluate use and compare duration of antibiotic treatments in acute
abdominal surgery.
Methods: Retrospective cohort study. The medical records of 290 patients who un-
derwent operations for acute abdomen from July 1998 to July 1999 in a teaching
hospital were reviewed. The pattern of antibiotic use and rates of postoperative
complications were evaluated, along with surgical diagnosis, degree of contamina-
tion/infection, and incidence of postoperative complications. The patients were strat-
iﬁed according to the degree of contamination/infection noted during the operation.
The study population was divided in two groups according to the duration of antibiotic
use (cut-off point at the median antibiotic use in days, for each group of contamina-
tion/infection degree), and outcomes were compared.
Results: The degree of contamination/infection was signiﬁcantly associated with an
increased risk of wound infection, intra-abdominal abscess, postoperative infective
complications and overall postoperative complications (p < 0.001). A long course of
antibiotics was not associated with lower infective complication rates.
Conclusions: Shorter courses of antibiotic therapy based on the degree of contami-
nation/infection seem to be safe. A prospective study should conﬁrm this hypothesis.
© 2004 International Society for Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
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Introduction
The diagnosis of the surgical acute abdomen is de-
pendent on the host response to irritation of the
peritoneal cavity. Common pathologies include ap-
pendicitis, bowel obstruction, perforation of hollow
viscus and ischemia.
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The most common complications after acute
abdominal surgery are wound infection, intra-
abdominal infection, and the association of both.1,2
Infection usually results whenever the bacteria are
present in sufﬁcient numbers to exceed a minimal
level of host resistance. Early aggressive surgical
intervention to achieve source control and peri-
toneal toilet are the most important parts of the
treatment. Broad spectrum antibiotics play a sec-
ondary role in the management, being adjuvant to
infection prophylaxis and treatment. Antibiotics
are recommended to prevent wound infections and
intra-abdominal abscesses in patients with minimal
or no contamination and to treat ongoing infections
in postoperative patients with pus in the abdominal
cavity.
Despite the current evidence for the beneﬁts of
antibiotic use in acute abdomen, its use, which aims
at the reduction of the incidence of wound infec-
tions as well as intra-abdominal abscesses and sep-
sis, is inappropriate in several circumstances, the
main issue being excessive duration but also inade-
quate timing, dose and drug choice.3,4
The objective of this study is to compare short
versus long antibiotic courses in patients undergo-
ing operations for acute abdomen, evaluating as pri-
mary outcome the rate of postoperative infectious
complications.
Materials and methods
A retrospective cohort study was performed to com-
pare the incidence of infectious (main outcome)
and non-infectious (secondary outcome) postoper-
ative complications according to duration of antibi-
otic use in acute abdominal surgery.
The medical records of all adults (over 14 years
old) who underwent operation for acute abdomen
in an urban, community-based, public teaching hos-
pital from July 1998 to July 1999 were reviewed,
Table 2 Degree of contamination/infection noted during the operation.
Stratum Pathologies included Minimum antibiotic
therapy recommendeda
1 Intra-abdominal diseases with inﬂammation with no or minimal
contamination (phlegmonous acute appendicitis, acute cholecystitis,
recent (<12 h) gastroduodenal perforations, intestinal obstruction and
infarction with no frank perforation)
Single dose
2 Intra-abdominal diseases with gross contamination with no pus
(gangrenous appendicitis, gallbladder necrosis or empyema)
24 hours
3 Intra-abdominal infection with presence of localized pus formation from
diverse sources and late gastroduodenal perforations
48 hours
4 Diffuse purulent peritonitis from all sources 3—5 days
a According to references.3,10
Table 1 Reasons for exclusion.
Exclusion criteria N
Choledocholithiasisa 3
Cholangitis 3
Pneumonia 4
Salpingitis 5
Gastric contents aspiration 2
Previous use of antibiotics 5
a Antibiotics indicated for prophylaxis for endoscopic
retrograde cholangiopancreatography.
including outpatient data. Those who were already
receiving antibiotics because of misdiagnosis and
those with other diseases that required the use of
antibiotics were excluded. Table 1 lists the reasons
for exclusion.
As a hospital policy, all patients should have re-
ceived a dose of antibiotics at the time of induction
of anaesthesia, and another if the surgery lasted
for more than three hours. During operation, the
pathology and presence and extent of infection
were noted.
The following baseline variables were evaluated:
age, gender, diagnostic category based on surgical
ﬁndings, degree of contamination/infection based
on surgical ﬁndings, presence of co-morbidities and
duration and choice of antibiotics.
The patients were stratiﬁed into four different
strata according to the degree of contamination/
infection noted during the operation, according
to the protocol described in Table 2. According to
the Surgical Infection Society,1 contamination is
the presence of pathogens in normally sterile tis-
sue with no inﬂammatory response while infection
implies the inﬂammatory response from the host.
For each stratum, the median (in days) of the an-
tibiotic use was determined. This value was used
as a cut-off point to divide the study population
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into two groups: a short antibiotic course (pa-
tients who received antibiotic courses equal to or
shorter than the median of the stratum) or a long
antibiotic course (patients who received antibiotic
courses for a period longer than the median of the
stratum).
Four different outcomes were assessed based on
the diagnoses established and recorded on charts by
the patients’ assistance team: incidence of wound
infection, intra-abdominal abscess, infective post-
operative complications and postoperative compli-
cations. Infective complications included patients
that had at least one complication such as wound
infection, pneumonia, urinary tract infection and
intra-abdominal abscess. Postoperative complica-
tions included patients with at least one postoper-
ative event leading to prolonged hospitalization or
a medical intervention, either drug administration
or wound drainage.
Statistical analysis
Data were entered and analysed with Epi Info (ver-
sion 6.04, Centers for Disease Control and Preven-
tion, Atlanta, GA). Comparability of the groups was
assessed by analysis of baseline characteristics via
χ2 tests or two-tailed Fisher’s exact tests for cat-
egorical variables and Student’s t test for contin-
uous variables. Comparisons of groups concerning
outcomes were assessed by analysis with the χ2 or
Fisher’s exact test, expressing relative risks (RR)
and 95% conﬁdence intervals (CI). Mantel-Haenszel
stratiﬁed analysis was used to adjust the outcome’s
relative risk to the confounding variables. A p value
< 0.05 was considered statistically signiﬁcant.
Ethics
The study protocol was in accordance with the eth-
ical standards of the Institutional Ethics Committee
and the Helsinki Declaration of 1975, as revised in
1983.
Results
Two hundred and ninety patients were included.
The population characteristics are described in
Table 3. There was a signiﬁcant difference among
groups (short versus long antibiotic courses) con-
cerning age and contamination/infection stratum
distribution (strata 1 and 2). The other parameters
were evenly distributed between both groups.
Acute appendicitis was the most common diag-
nosis, and was found in 123 (42.4%) patients. Op-
erative diagnoses are summarized in Table 4. Most
patients (185, 63.8%) were classiﬁed as stratum 1
according to the contamination/infection degree.
Table 5 describes the antibiotics used.
The degree of contamination/infection, as clas-
siﬁed in the strata, was signiﬁcantly associated
with an increase in the risk of wound infections,
intra-abdominal abscess, postoperative infective
complications and overall postoperative complica-
tions (p for trend <0.001 for each outcome).
Postoperative complications are described in
Table 6. Wound infections were diagnosed in 14.8%
of the patients (n = 43), with a 28% incidence in
those with pus in the abdominal cavity (strata 3
and 4). Stratiﬁed analyses concluded that age and
comorbidities were not confounding factors for this
outcome (p for interaction > 0.05). There was no
statistically signiﬁcant reduction in the incidence
of wound infections with the long antibiotic course,
even after adjustments for stratum, and surgery
involving the colon (Table 7).
Intra-abdominal abscesses were found in 5.2% of
the patients (n = 15). The incidence was higher in
those patients with localized (14%) or diffuse in-
fection (20%) — strata 3 and 4 — as expected. The
risk of intra-abdominal abscess was signiﬁcantly
increased in patients who underwent surgery in-
volving the colon (RR = 6.68; 95%CI: 1.54—29.08).
Stratiﬁed analyses concluded that age was not a
confounding factor for this outcome (p for interac-
tion> 0.05). A long course of antibiotics was not as-
sociated with fewer incidences of intra-abdominal
abscesses. The relative risk for intra-abdominal
abscesses adjusted for stratum, comorbidities and
colon-involving surgery was 0.74 for a short antibi-
otic course (95%CI: 0.30—1.82).
Postoperative infective complications were seen
in 23% of the patients (n = 68). Overall there was a
smaller incidence of infective complications in pa-
tients who were given a short course of antibiotics.
Stratiﬁed analyses concluded that age and comor-
bidities were not confounding factors for this out-
come (p for interaction > 0.05). When corrected
for stratum and colon-involving surgery, this differ-
ence was no longer signiﬁcant (adjusted RR = 0.67;
95%CI: 0.45—1.01).
There was a statistically signiﬁcant reduction in
the overall incidence of postoperative complica-
tions in the short antibiotic group. Stratiﬁed anal-
yses concluded that age, comorbidities, strata and
surgery involving the colon were confounding fac-
tors for this outcome. After adjustment for these
factors, the relative risk was no longer signiﬁcant
(adjusted RR = 0.69; 95%CI: 0.47—1.00).
The relative risks and 95% conﬁdence intervals for
the main outcomes are stratiﬁed for each stratum
in Figure 1.
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Table 3 Characteristics of study populationa.
Characteristic Antibiotic useb All patients (n = 290)
Short course (n = 187) Prolonged course (n = 103)
Age (years)‡ 38.4 ± 19.5 48.6 ± 20.5 42.0 ± 20.4
Follow-up (days) 58.4 ± 87.5 85.5 ± 109.0 57.4 ± 104.7
Male gender, n (%) 94 (50.3) 46 (44.7) 140 (48.3)
Hospital stay (days) 5.4 ± 6.4 10.8 ± 11.0 6.8 ± 10.9
Antibiotic use (days) 1.8 ± 2.6 7.8 ± 4.8 4.0 ± 4.5
Follow-up > 30 days, n (%) 84 (44.9) 51 (49.5) 135 (46.6)
Comorbidities, n (%)
Cigarette smoking 16 (8.6) 10 (9.7) 26 (9.0)
Diabetes 9 (4.8) 9 (8.7) 18 (6.2)
Morbid obesity 10 (5.3) 4 (3.9) 14 (4.8)
Shock at presentation 1 (0.5) 4 (3.9) 5 (1.7)
Cancer 2 (1.1) 3 (2.9) 5 (1.7)
AIDS 2 (1.1) 1 (1.0) 3 (1.0)
Other immune deﬁciencies 0 (0.0) 2 (1.9) 2 (0.7)
Renal failure 1 (0.5) 1 (1.0) 2 (0.7)
Any comorbidity 35 (18.7) 24 (23.3) 59 (20.3)
Degree of contamination/infection
Stratum 1, n (%)‡ 133 (71.1) 52 (50.5) 185 (63.8)
Stratum 2, n (%)‡ 12 (6.4) 18 (17.5) 30 (10.3)
Stratum 3, n (%) 28 (15.0) 22 (21.4) 50 (17.2)
Stratum 4, n (%) 14 (7.5) 11 (10.7) 25 (8.6)
All strata, n (%) 187 (100.0) 103 (100.0) 290 (100.0)
Surgery involving the colon, n (%) 96 (51.3) 47 (45.3) 143 (49.3)
a Values are described in means ± standard deviation unless otherwise stated.
b Divided into short or long course according to the median use in each stratum as described in the methods section.
Cut-off point was 24 hours (stratum 1), 48 hours (stratum 2), 7 days (stratum 3), 9 days (stratum 4).
‡ p < 0.05.
Discussion
The duration of antibiotic treatment was ex-
tremely variable and long, even after stratifying
the patients into different degrees of contamina-
tion/infection. Patients with no or minimal evi-
dence of contamination (stratum 1) used antibiotics
for a mean of 2.0 days, although the current rec-
ommendation is for a single prophylactic dose.1,5—7
In the presence of pus, either localized or dif-
fuse (strata 3 and 4), patients received antibiotic
courses of eight and ten days respectively, instead
of the ﬁve to seven days which are recommended
by the Surgical Infection Society.8
This study has some limitations that are inherent
in retrospective studies. First, the stratiﬁcation of
patients based on operative notes might be impre-
cise. Patients with acute abdomen are operated on
by a surgical team working in the emergency room
and then followed during the postoperative period
by a ward physician. The therapeutic decisions af-
ter surgery are actually based on what is registered
on the operative notes. It is therefore believed that
if misclassiﬁcation occurred, it happened evenly in
all groups.
Unfortunately, compliance to peri-operative
prophylactic antibiotics could not be precisely as-
sessed. Prophylactic antibiotics administered in the
operating room do not require previous contact and
agreement from the infection control service in an
attempt to increase compliance and therefore its
use is not as accurately documented. Nevertheless,
there is no reason to believe prophylactic doses
were more often correctly used in one group over
another. Again, the decision to stop or continue an-
tibiotics was made independently of prophylactic
administration.
The stratiﬁcation system used was based on ex-
pert consensus.9,10 This classiﬁcation was indeed
associated with an increased risk for all outcomes
measured. This classiﬁcation is preferred to the
NNIS risk index score because the former addresses
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Table 4 Operative diagnosis according to degree of contamination/infection stratum.
Stratum Diagnosis n (%) Antibiotic use (days)a
Median (p25—p75) Mean ± SD
1 Acute cholecystitis 72 (38.9)
Acute appendicitis 65 (35.1)
Small bowel obstruction 31 (16.8)
Colon obstruction 9 (4.9)
No intra-abdominal ﬁndings 5 (2.7)
Diverticulitis 1 (0.5)
Gastric obstruction 1 (0.5)
Gastroduodenal perforation 1 (0.5)
Total 185 (100.0) 1 (0.25—2) 2.0 ± 3.1
2 Acute cholecystitis 13 (43.3)
Acute appendicitis 9 (30.0)
Small bowel obstruction 7 (23.3)
Diverticulitis 1 (3.3)
Total 30 (100.0) 2 (1—5) 4.2 ± 4.0
3 Acute appendicitis 35 (70.0)
Gastroduodenal perforation 9 (18.0)
Acute cholecystitis 5 (10.0)
Diverticulitis 1 (2.0)
Total 50 (100.0) 7 (6—9) 8.0 ± 3.8
4 Acute appendicitis 14 (56.0)
Perforated colon 4 (16.0)
Diverticulitis 3 (12.0)
Acute cholecystitis 2 (8.0)
Perforated small bowel 2 (8.0)
Total 25 (100.0) 9 (8—15) 10.2 ± 5.0
a Antibiotic use in each of the four groups of contamination/infection degree. SD = standard deviation.
not only the risk of wound infections but also the
intra-abdominal infection status. This stratiﬁcation
system is not only prognostic but guides therapeu-
tic decisions concerning the prevention or treat-
ment of ongoing intra-abdominal infection such as
abscesses and peritonitis.
Table 5 Frequency of antibiotics used.
Antibiotic n (%)
Single agents
Cephalothin 156 (33.7)
Cefoxitin 149 (32.2)
Penicillin 4 (0.9)
Combination therapy
Ampicillin + gentamicin
+ metronidazole
109 (23.5)
Gentamicin + metronidazole 40 (8.6)
Ceftriaxone + metronidazole 5 (1.1)
Total 463 (100.0)
Patients that received a long course of antibi-
otics were older than those who received a short
course. Even though these patients could be at
increased risk for developing complications, the
Table 6 Postoperative complications.
Complication n (%)
Wound infection 43 (14.8)
Intra-abdominal abscess 15 (5.2)
Pneumonia 15 (5.2)
Death 7 (2.4)
Wound dehiscence 5 (1.7)
Abdominal sepsis 3 (1.0)
Urinary tract infection 3 (1.0)
Prolonged ileus 2 (0.7)
Seroma 2 (0.7)
Anastomotic leakage and perforation 1 (0.3)
Hemorragic shock 1 (0.3)
Jaundice 1 (0.3)
Pancreatitis 1 (0.3)
Choledocholithiasis 1 (0.3)
Any postoperative complication 80 (27.6)
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Figure 1 Relative risk for postoperative complications according to contamination/infection degree stratiﬁcation.
Values refer to the short antibiotic course group. Horizontal bars describe 95% conﬁdence intervals. ∗ There were no
abscess cases in stratum 2 patients.
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Table 7 Relative risk for postoperative complications according to antibiotic treatment duration.
Outcome Incidence Relative risk Adjusted RR
% (n) RR (95%CI) RR (95%CI)
Wound infection
Short coursea 12.8 (24/187) 0.70 (0.40—1.21) 0.76 (0.44—1.32)b
Long coursea 18.4 (19/103) 1.00 1.00
Intra-abdominal abscess
Short coursea 3.7 (7/187) 0.43 (0.16—1.13) 0.74 (0.30—1.82)c
Long coursea 7.8 (8/103) 1.00 1.00
Infective complications
Short coursea 19.3 (36/187) 0.62 (0.41—0.93) 0.67 (0.45—1.01)d
Long coursea 31.1 (32/103) 1.00 1.00
Postoperative complications
Short coursea 21.9 (41/187) 0.58 (0.40—0.84) 0.69 (0.47—1.00)e
Long coursea 37.9 (39/103) 1.00 1.00
a Antibiotic use divided into short or long courses according to the median use in each stratum as described in the
methods section. Cut-off point was 24 hours (stratum 1), 48 hours (stratum 2), 7 days (stratum 3), 9 days (stratum
4).
b Adjusted for stratum and surgery involving the colon.
c Adjusted for presence of comorbidity, stratum, and surgery involving the colon.
d Adjusted for stratum and surgery involving the colon.
e Adjusted for age, presence of comorbidity, stratum, and surgery the involving the colon.
short antibiotic course’s relative risks for outcomes
when corrected by age were unaffected.
Prevention of wound infection was not affected
by prolonging the antibiotic course, even in pa-
tients whose subcutaneous tissue was inoculated
with an enormous quantity of bacteria (strata 2, 3
and 4).
Intra-abdominal abscess rates were similar in
patients who received long and short courses of
antibiotics. As a prophylactic measure, in patients
with no pus in the abdominal cavity, prolonging
the antibiotics over 24 hours did not result in a de-
creased risk of abscess formation. As a therapeutic
measure, in patients with localized or diffused
intra-abdominal infection, the maintenance of an-
tibiotics could have been motivated by persistent
signs of infection. Twelve cases of intra-abdominal
abscesses were diagnosed in strata 3 and 4, two
of them with persistent fever and leukocytosis
(post-op days 8 and 13). The other ten cases were
diagnosed in patients who were afebrile for at
least 48 hours during the ﬁrst week after surgery,
suggesting that the prolonged antibiotic course
was not motivated by persistent clinical signs of
infection.
The increased complication rate in patients re-
ceiving a prolonged course of antibiotics might re-
ﬂect differences in age and comorbidities between
both groups. After adjustment, the increased risk
was no longer signiﬁcant.
Whether unmeasured factors other than personal
beliefs interfere with the decision to maintain an-
tibiotics and whether these unmeasured factors in-
creased the risk of infections and other complica-
tions remains to be determined. A prospective, ran-
domized study should be conducted to clarify this
matter.
Conﬂict of interest: No conﬂicting interest de-
clared.
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